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trol are carried out in 77 microsecs. Addition and subtrac- 
tion is carried out in 77 to 182 microsecs., depending on 
tile necessity of equalizing characteristics on normalizing 
results. Multiplication takes 270 microsecs, and division 
288 microsecs. When solving complex problems on the 
machine, the average operation speed is from 7,000 to 
8,000 three-address operations per second, including 
reference to the magnetic drum and the magnetic tapes. 
The machine operates 24 hours per day, part of the time 
l)eing spent on checking. The useful operating time of 
the machine is 72 per cent, the time spent on checking 
is 20 per cent, and error losses total 8 per cent (these loss- 
es including not only the time required to find the source 
of trouble in the machine, but that required to repeat 
tire calculations as well). 

The machine is checked by means of test programtnes 
with the electron tubes working under worsened conditions 
(marginal checking). At first special circuits were provided 
in the machine for marginal checking. Afterwards condi- 
tions for marginal checking were secured by changing 
the incandescence of the tubes. For marginal checking 
of the memory the displacement in the automatic ampli- 
fication control units is altered. 

The machine is made up of small standard plug-in 
units. A general view of the machine is shown in the 
photographs. 
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The USSR Academy of Sciences high-speed computer 
(BESM) is a digital electronic machine for the solution 
of laborious problems in physics, mechanics, astronomy, 
engineering, etc. In designing the machine emphasis was 
laid on convenience of programming and simplicity of 
operation. 

A binary system with a floating decimal point was 
selected. Although the floating decimal point somewhat 
complicates the logic diagram of the machine, it greatly 
simplifies programming and mathematical operation. Cal- 
culations are made, as a rule, with normalized numbers^ 
If the result of any arithmetical operation, say, subtrac- 
tion, is unnormai, it is automatically normalized. Be- 
sides, provision is made in the machine for carrying out 
calculations with unnormalized numbers and with re- 
sult normalization interlocking. The mantissa of flip 
number is represented by 32 binary positions; then, there 
is one position for the sign of the number, 5 positions, 
for the characteristic of the number and one position foi* 
the sign of the characteristic. 

Thus, the machine can represent numbers fiom 2^ 
to 2^^. The number of digits selected ensures the accu- 
racy required for most problems. In some cases, for In- 
stance, when solving certain astronomical problenif, 
the calculation? may be carried out on the machine with 
double Uie number of digits. Conversion from the decinipl 
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to tile binary system and vice versa is effected directly on « 
the machine by means of suitable subprogrammes. 

The machine has a three-address system. The code 
of each address consists of 11 bits, the operation part — 
of 5 bits; the sixth operation position is for result normal- 
ization interlocking. Thus, provision has been made in 
the machine for 3i instructions. Besides the four arithmet- 
ical operations, the results of which are rounded to re- 
duce accumulating errors, there are instructions for multi- 
plication with presentation of the product in double the num- 
tier of bits and for division with presentation of the remainder 
for the sake .f simplifying calculations employing double 
the number of positions; several Instructions! facilitating 
t)perations on the characteristics of numbers; instructions 
for exchange of codes between the separate memory units; 
conditional and unconditional transfer instntetions; - a 
number of logical Instructions. ! L ■ 

The instructions are selected from the memnry. by 
two independent instruction cmitrol systons. Thfr>set of 
instructions includes control frSnsfer operations from 
one system to the other both with and without changing 
the number to the instruction. Double instruction con- 
trol facilitates programming transitions to subprogrammes 
and returns to the main programme. 

All operations are carried out by a single universal 
parallel action arithmetical unit based on trigger cells. 
The arithmetical unit consists of two receivit^ registers 
and an adder. A special circuit has been employed ki 
the adder to eliminate cascade carry. Code addiUon 
is effected in less than 3 microsecs. In takes less than 
2 microsecs for the codes to shift to the nexf position. 
When adding or substractlr« numbers with different 
characteristics, the latter are equalized by shiftily the 
smaller number, prior to the actual addition of the codes. 


if an unnormal result is obtained, it is normalized by 
shifting the code to the left and respectively changing 
its characteristic. Multiplication and division are carried 
out by addition or subtraction of the code in the adder 
and shifting. 

Special cathode-ray tubes are employed for the mem- 
ory. There is one tube for every binary position. The 
capacity of the memory is 1023 numbers. Number selec- 
tion from the memory and result recording are carried 
out parallelly. The level of the reading signal at the en- 
trance to the amplifier is 10 mV. A bridge circuit is em- 
ployed to reduce overloading of the reading amplifier. 
This has made It possible to reduce the false signal at 
the entrance to the amplifier when recording, to the level 
of the reading signal. Moreover, the balance does not 
depend on the working conditions of the tubes and the 
supply voltages. The level of the reading signal is adjusted 
automatically by referring to the control point outside 
the raster, in which reading and recording are done after 
every 32 regenerations. 

Recording (including preliminary reading) takes 6.5 
mlcrosecs., and reading and regeneration — 5 micnosecs. 
The full time of reference to the cathode-ray tubes, in- 
cluding the adjustment of the ray and reading, or record- 
ing, is 12 microsecs. The memory is provided with auto- 
matic internal control, permitting simultaneous veri- 
fication of all the positions and emission of the corres- 
ponding signals. 

Besides the cathode-ray tube memory there is a set-up 
unit based on germanium diodes, having a total capacKy 
of 376 numbers. The desired numbers or instructions can 
be selected from a memory of this type, but results cannot 
be recorded in it. The numbers 6f instructions are alt 
by punching codes on punchcards. The punchcards aiP 
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placed in special arrangements called ‘books”. When 
the ‘books” are closed contacts separated from the other 
circuits by the diode make through the punched holes. 

Besides the punchcards there is provision for setting up ft 

the numbers on a plugboard. The corresponding positions U 

in the ‘books” and on the plugboard are in parallel. K 

The diode set-up device has also a number of removable 
units with typical subprogrammes (subprogrammes of 
trigonometric functions, logarithms, exponent functions, 
transition from one numerical system to another, etc.) 
permanently set up (by soldering) in the form of diode 
matrices. The diode set-up devite is employed mainly 
for typical subprogrammes, for setting coefficients which 
change from one type of calculation to another, for pre- 
determining the error of coincidence of iterative pro- 
cesses, U,r manual control of calculations, etc. 

In order to extend the sphere of solvable problems 
to include such as require large storage capacities, the 
machine, is. provided with magnetit drum and a magnetic 
tape storage device. 

The magnetic drum had a capacity of 5120 numbers 
(five groups of 1023 numbers each). Any group of a pre- 
determined number of codes can be transferred to the 
memory, and vice versa, groups of numbers from the 
memory can be recorded on the drum. In order to reduce 
the amount of equipment, a series system of reading and 
recording on the magnetic drum has been provided. 

Conversion of the series to the parallel system and vice 
versa, necessary In exchanging codes between the magnetic 
drum and the memory, is effected in the arithineti''al 
unit. 

There are 84 reading and recording heads mounted 
on the magnetic drum, 80 of which are for codes, one for 
clock pulses, one for registering the start pulse and 2 ^ • 


spares. The clearance between the magnetic dniitf’'pad* 
the heads Is of the order of 35 microns. Each tniglrilia 
drum holds 64 numbers. The recording densl^y3pb«t 
3 pulses per millimeter. The drum does 7601' Ri1!pllili|||Nl 
per minute. Hence, the average time ^>ent In 'lindtiliit. 
for the -required code to come under the nuignet httMt fc, 
40 microsecs., the subsequent selection or fecordlnf_ 
taking place at a rate of 800 numbers per second. The pulse 
frequency of the magnetic drum amounts to about 
35 kilocycles. The amplitude of a reading pulse at the mag- 
netic head constitutes from 50 to 60 |leiding and 
recording amplifiers are provided for ea^ ipniip (S' alto- 
gether). They are switched from track Within 

each group automatically by mearis of a‘l!^>ec|altl^b^ 
diode circuit. ■■ 

The magnetic tape storage consists of 4,-a(iri^ )Ktion 
magnetophones with tape 6.5 mm wide. lap* has 
two, tracks, One of them is for recording' ptilaes. 
and the other for code recording. The grtn^ '^fulmbcr Is 
also recorded on the code track. Like the magnetic drum, 
the magnetic tapes are for exchanging codes with the 
memory. The series codes are transformed to parallel 
ones in the arithmetical unit. 

The magnetic tapes can move both forwards and 
backwards. Only the forward movement is the working 
stroke. It is during this stroke that any subsequent re- 
corded block is read out, according to a pre-determlned 
number, or that n?cording is done. The reverse movement 
is for automatically conveying any block that has passed 
to themagnetic head. This makes it possible to usethe mag- 
netic tape operatively for reading and recording within 
the limits of one or several integrai blocks. 

The ler«th of the mantle Upe on each magneto- 
phone is 200 meters. Eight pulses can be recorded on each 
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millimeter. One tape can hold an order of 30,000 numbers 
(with allowance for the intervals between groups), making 
a total of about 120,000 numbers for the 4 magnetophones. 
The tape reels can be replaced in a very short time, and 
this is usually done without stopping the machine. The 
heads are mounted on the magnetophones with high 
enough precision to permit transposing recorded tape 
reels from one magnetophone to another. The tape speed 
is 2 meters per sec. The pulse frequency is 16 kilocycles, 
and the rate of selection or recording is 400 numbers per 
second. The amplitude of a reading pulse at the magnetic 
head is 15 to 20 mV. Each magnetophone is provide 
with reading and recording amplifiers. 

The numbers and instructions are put Into the machine 
from a punched tape in the form of a series code. The 
punched tape has two tracks, one for clock pulses, and 
the other for code pulses. The series code is tranfprmed 
into a parallel one In the arithmetical unit. The punched 
codes are read-out by means of photoelectric cells. The 
reading rate is 20 numbers per second. 

The punched tapes are prepared independently on 
special punchers. For verification purposes two identical 
tapes are punched independently on different punchers. 
The punched, tapes produced are then compared automa- 
tically on a special verifier. 

When the data to be put in are the results of calcula- 
tions carried out on the machine they are recorded oh 
a magnetic tape, and are put In from this tape. In case 
of an interruption In the calculation of a large problem 
the used programmes or necessary data are likewise recorded 
on a magnetic tape. The subsequent input is also from 
this magnetic tape. 

The results of the calculations are withdrawn ifrom 
the machine by recording on magnetic tape and then 

8 


printed on a motion picture film independently on a 
special printing device. The series code passes from the 
magnetic tape to a shift register, on which it is trans- 
formed into a parallel code. Suitable decorders for each 
digit control pinpoint light sources, which project the 
image of tlie digit on a motion picture film. The printing 
device works at a rate of 2(X) numbers per second. The 
film is (teveloped in a developing machine. Paper copies 
are likewise made in a special machine. 

Besides the photographic printing unit, there is an 
electromechanical printing unit, controlled directly by 
the machine. The printing rate is 1 .5 numbers per second. 
This printing unit is used when the material to be with- 
drawn is small in volume compared to tlte calculations, 
and to print control values for checking the progress of 
the calculations. 

The controls of the machine are centralized for most 
operations that fit into the time of the common cycle. 
A number of elementary operations which are individual 
for certain Instructions and which would substantially 
slow down the fulfilment of the other instructions if 
V centrally controlled, are carried out- by local controls. 
In carrying out the individual instructions the transition 
from tlw central to the local controls and vice versa takes 
place automatically at the correct moments. The ele- 
mentary operations under local control include: multi- 
plication, division and number shifts, as well as equali- 
zation of the characteristics of numbers and result nor- 
malization for addition and subtraction instructions. 

The standard cycle of the machine includes selectbn 
of two numbers from the memory carrying out the pre- 
determined operation with these numbers, sending the 
result to the memory and selection of a new instruction 
from the memory. Instructions not requiring local con- 
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* The high-speed electronic computer of the USSR Aca- 

j demy of Sciences (BESM) was developed at the Institute 

i of Precise Mechanics and Computing Technique by Aca- 

i demician S. A. Lebedev and his associates. 

The BESM is a digital electronic machine for the solution 
of laborious problems in physics, mechanics, astronomy, 
engineering, etc. In designing the machine emphasis was 
laid on convenience of programming and simplicity of ope- 
ration. 

A binary system with a floating decimal point was se- 
lected. Calculations are made, as a rule, with normalized 
numbers. If the result of any arithmetical operation, say. 

\ subtraction, is unnormal, it is automatically normalized, 

j Besides, provision is made in the machine for carrying 

out calculations with unnormaiized numbers and with 
I result normalization interlocking. The mantissa of the 

j number is represented by 32 binary positions; then, there 

j is one position for the sign of the number. 5 positions for 

I the characteristic of the number and one position for 

the sign of the characteristic. 

The machine has a three-address system. The code of 
each address consistes of II bits, the operation part — 
of 5 bits the sixth operation position is for result nor- 
malization interlocking. Thus, provision has been made 
in the machine for 31 instructions. 

All operations are carried out by a single universal 
parallel action arithmetical unit. See fig. I. 

The arithmetical unit consists of two receiving registers 
and an adder. A special circuit has been employed in 
the adder to eliminate cascade carry. Code addition is ef- 
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fcded in less than 3 microsecs. In takes less than 2 mi- 
crosocs for the codes to shift to the next position. 

of iLv!* rf machine includes selection 

numbers from the memory carrylnfi[ out the prede- 


Addition and subtraction carried out in 77 to 182 mi*^ 
crosecs., depending on the necessity of equalizing charac- 
teristics on normalizing results. Multiplication takes 
270 microsecs, and division 288 microsecs. 



Fig I. The arithmetical unit. 


lerniined operation with these numbers, sending the 
to the memoi 7 and selection of a new Instruction 
the memory. This cycle takes 77 microsecs. 


Fig. 1 A gmeral view of the caUMde-ray tube memory. 

Special cathode-ray tubes are employed for the me- 
mory. There Is one tube for every binary positioa The 
capacity of the memory is 1023 numbers. See fig. 2. 

— 5 — 
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Number selection from the memory and result recording 
are carried out parallelly. * 

Recording (including preliminary reading) takes 6.S 
microsMS and reading and regeneration — 5 microaecs, 

cathode-ray tubes, in- 
cludmg the adjustment of the ray and reading, or record- 
^g. IS 2 micrest^ The memory is provided with auto- 
13 in control, permitting simultaneous verification 

signal positions and emission of the corresponding 

cathode-ray tube memory there is a set-up 
unit based on germanium diodes, having a total capacity 
S .1? numbers. The desired numbers or instructions can 

whlh rhin^, f subprogrammes, for setting coefficients 
which change from one type of calculation to another, 
for predetermining the error of coincidence of Iterative 
process, for manual control of calculations, etc. 

in.i 3i the sphere of solvable problems to 

Include such as require large storage capacities, the ma- 
chine IS provided with magnetic drum and a magnetic 
tape storage device. See fig. 3 and 4 * 



Fig. 4. The aagneUe dnaa. 



Fig. a The magnetic tape storage device. 
- 6 — 


The magnetic drum had a capacity of 5120 numbers 
(five groups of 1023 numbers each). Any group of a pre- 
determined number of codes can be transferred to the 
memory, and vice versa, groups of numbers from the 
memory can be recorded on the drum. In prder to reduce 
the amount of equipment, a series system of reading and 
recording on ttie magnetic drum has been provided. Con- 
version of the series to the parallel system and vice versa, 
necessary in ezdanging codes between the magnetic dr im 
and the memory, is effected in the arithmetical unit 
There are 84 reading and recording heads mounted 
on the magnetic drum, 80 of which are for codes, one for 
clock pulses, one for registering the start pulse and 2 
spares. The clearance tetween the magnetic drum and 
the heads is the order of 35 microns. Each trade of 
the drum holds 64 numbers. The recording density is about 
3 pulses per millimeter. The drum does 750 revolutions 
per minute. Hence the averam time spent in waitirm for 
the required code to come under the magnet head is 40 mi- 
crosecs., the subsequent sdecthm or recording taking 

— 7 — 
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place at a rate of 800 numbers per second. The pulse fre- 
quency of the magnetic drum amounts to about 35 kilo- 
cycles. The amplitude of a reading pulse at the magnetic 
head constitutes from 50 to 60 mV. Reading and recording 
amplifier are provided for each group (5 altogether). They 
are switched from track to track within each group auto- 
matically by means of a special tubediode circuit. 

Til magnetic tape storage consists of 4 series action 
magnetophones with tape 6.5 mm wide. The tape has two 
tracks. One of them is for recording clock pulses, and 
the other for code recording. The group number is also 
recorded on the code track. Like the magnetic drum, 
the magnetic tapes are for exchanging codes with the me- 
mory. The series codes are transformed to parallel ones 
in the arithmetical unit. 

The magnetic tapes can move both forwards and back- 
wards. Only the forward movement is the working sroke. 
It .s during this stroke that any subsequent recorded 
block is read out, according to a pre-determined number, 
or that recording is done. The reverse movement is for 
automatically conveying any block that has passed to 
the magnetic head. This makes it possible to use the mag- 
netic tape operatively for reading and recording within 
the limits of one or several integral blocks 

The length ol the magnetic tape on each magnetophone 
is 200 meters. Eight pulses can be recorded on each mil- 
limeter. One tape can hold an order of 30,000 numbers 
(with allowance for the Intervals between groups), making 
a total of about 120,000 numbers for the 4 magnetophones 
The tape reels can be replaced iii a very short time, and 
this is usually done without stopping the machine. The 
heads are mounted on the magnetophones with high 
enough precision to permit transposing recorded tape 
reels from one magnetophone to another. The tape speed 
is 2 meters per sec. The pulse frequency is 16 kiolcycles, 
and the rate of selection or recording is 400 numbers per 
second. The amplitude of a reading pulse at the magnetic 
head is 15 to 20 mV Each magnetophone is provided with 
reading and recording amplifiers. 

The numbers and instructions are put into the machine 
from a punched tape In the form of a series code. The 
punched tape has two tracks, one for clock pulses, and 
the other for code pulses. See fig. 5 and 6. 

- 8 - 


The punched codes are read-out by means of photo- 
electric cells. The reading rate is 20 numbers per second. 

The punched tapes are prepared independently on spe 
cial punchers. 



Fig. 5. The input uniL 



Fig. 6l a punched tape 

The results of the calculations are withdrawn from 
the machine by recording on magnetic tape and then 
printed on a motion picture film independently on a special 
printing device. The series code passes from the magne- 
tic tape to a shift register, on which It is transformed into 
a parallei code. Suitable decorders for each digit control 
pinpoint light sources, whichj>roject the image of the digit 
on a motion picture pilm. The printing device works at 
a rate of 200 numbers per second. The film is developed 
In a developing machine. Paper copies are likewise made 
in a special machine. See fig. 7 and 8. 

Besides the photographic printing unit, there is an 
electromechanical printing unit, controlled directly by 
the machine. The printing rate is 1.5 numbers per second. 

- 9 - 


Sanitized Copy Approved for Release 2010/02/23 : CIA-RDP80T00246A031800500001-3 


Sanitized Copy Approved for Release 2010/02/23 : CIA-RDP80T00246A031800500001-3 





. — r-- s wiidi ulc matcnai lo oe Wlnl* 

drawn is small in volume compared to flie calculattons. 
and to print con^ values for checking the progressSf 
the calculations. See fig, 9. f w 

Electronic c^puters are characterized by their sta- 
bility and reliability in operation as well as by their 
storage capacity and access times. It is general practice to 
have the machine inspected regulary in order to keep It 
operating properly. ^ 

*""** *^ ^ machine is guaranteed if special 
^«klng procHure has ^ carried out. in the coul^o# 

SlllSnl ^ »*ven marginal- 

by rellSr. ^ 
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Fig. 9. A general view of the electromechanical printing unit. 

The BESM macbiof of the USSR Academy of Sdences 
has been in operation since 1952. During this period spe- 
cial methods of checking procedure have been ^rked 
with special test programmes which make it possible quraly 
to eliminate trouble in the machine which may lead to 
errors in doing problems. 

- 12 - 


The BESM is basically made up of separata strandard 
plug-in-units assembled on two-tube or four>tube chassis 
These units are mounted on racks between which the Inter- 
unit connections are made. The control unit and the arith 
metical unit take up a separate rack. Both operative me- 
mory and the external magnetic drum and magnetic tape 
storage devices are also mounted on separate racks. This 
individual location of the separate units greatly faciliUtes 
technical maintenance by making it possible to carry out 
prophylactic preparations and to check the machine rack 
by rack, independently of one another. 

There are 8 types of standadt plug-in-units; 

1. Trigger; 

2. Gate; 

3. Shaper; 

4. Cathode follower; 

5. Amplifier with electromagnetic delay line; 

6. Inverter; 

7. Diode unit; 

8. cRipple through* carry unit. 

These are the types of plug-in unite the control and 
arithmetical unit circuits as well as those of the automatic 
control are made of. Thus it becomes clear that the leliabiUty 
*0 • considerable extent on the 
reliability of the standard plug-in-units. 

The most important factors influencing stability of 
operation are the following; 


a) time variation of the parameters of the electronic 
tubes; 

b) appearance of poor contacts In some of 
the circuits, due to inevitable vibrations of the madiine. 
contamination and oxidation of the contact surfaces; 

c) time variation of the resistance parameters. It Is 
obvious, that tubes and circuits of low reliability should 
be detected beforehand to guarantee the reliability of the 
machine at work. In designing the BESM methods of check- 
ing procedure of the standard plug-in-unite were devised, 
ba^d on alterations in some of the feed voltages. Tumbler 
switches were provided so that different groups of units 
could be tried under marginal conditions. However, expe- 
rience in operation showed that the methods provided for 
the marginal checking did not prove sufficiently effective 
(with very few exceptions). 
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While running the machine we have learnt, that the best 
method of checking the tubes in the BESM for emission loss 
is that of decreasing the incandescence. 

This method proved efficient for all the types of stan- 
dard plug-in- units. The only exception is the trigger. In 
the case of the trigger, besides lowering the incandescence, 
another method should be used, which Includes changing 
the divider bias 3 to 4 per cent, thus disturbing the sym- 
metry of the trigger. By using this method both the tube 
and the stability of the divider resistances are checked, 
the latter being of great influence on the stability of ope- 
ration of the trigger. 

The possibility of checking the units by lowering the in- 
candescence is due to the fact that the cathode current 
of a tube which has lost its emission depends greatly 
on the incandescence, while that of a new tube remains 
practically constant with incandescence fluctuations within 
±10 per centThis property is utilized in the checking pro- 
cedure, of the standard plug-in-units. The presence of false 
signals is revealed by the method of increasing the incan- 
descence. 

Malfunctions sometimes occur and their frequency and 
their nature does not change when the incandescence, current 
frequency of feed voltages are varied. Malfunctions of this 
kind are usually due to unreliable contacts or the plug-in- 
units Wng insufficiently shockproof. 

This is the reason why regular checking must be carri- 
ed out once or twice a month for shockproofnees. For this 
purpose a test programme is put into the machine while 
panels and separate units are tapped. In most cases 
either poor contacts are found on the tube panels 
or poor solder joints in the asembiy. Poor contacts in 
the plugs and sockets by which the unit is connected to 
its rack practically do not occur. 

The same methods of checking procedure are used for 
the non-standard units in the storage devices. An addi- 
tional position checking is carried out in the operative 
cathode-ray tube memory. This is done by checking the 
rewriting of code *U into code «0^ and vice versa, in ail 
the positions of the storage unit with a corresponding bias 
change on the read-out gates. 

The following test programmes were compiled for 
complete checking of the machine: 
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1. A programme for checking the main operations. 

2. A programme for checking the adder with a vari- 
able code. 

3. A programme for checking the special plug-in-units. 

4. A programme for diecking the Internal and exte- 
nal storage devices. 

for €TW^Unp>*"*"** checking the operative memory 

6. A programme for checking the operative memory 
for multiple reference. 

Test programme checking b similar to the operation 
duty in doing problems. 

All the test programmes are recorded in one of the 
groups of the magnetic drum, and are kept there all 
die tinie. When chebldng b necessary, reading out the pro- 
grammes takes only a few seconds. The time needed for 
a singte folfllment of al the lest programmes b 1 minute 

^y of the test programmes can te casUy esiraded by 
manipulations at flie central control desk. In case rapid 
cbei^ng of tte machine b required. Tumbler switte 
on the conM desk can be used to set np automatic 
successive Ihifilment of the test pmgia m mm or cydic 
fhiflimait m one of them, ff all the test pragranmies 
are fulfilbd satbfactorily under the marginal conditions, 
the machine may be considered ready for computations. 

The statistics colleded shows that the woih carried 
out with a view to improving certain units of the machine 
as well as continuous improvement of the cheddng pro- 
cedure methods, have made it pomibb to improve con- 
siderably the stability and rdiability of operation of 
the machine. 

When solving complex problems on the machine, the 
average operation spe^ Is fnmi 7.000 to 8,000 three-ad- 
dres operations per second, including reference to the mag- 
netic drum and the magnetic tapes: The machine operates 
24 hours per day. part of the time being spent on checking. 
The useful operating time of the madiine Is 72 per cent 
the time spent on checking is 20 per cent and error losses 
total 8 per cent (these losses induding not only the time 
required to find source of trouble in the machine, but that 
required to repeat the calculationa aa wdl). See fig. 10. 

The time of operation without malfunctions for periods 
of ten consecutive hours and more constitutes about 70 per 
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^ Ia's plus m.portants progres de la technique de la der- 
niero dizainc d'annees se sont manifestes dans la construc- 
tion lies calculatrices electroniques sous le controle de 
programme. 

Les calculatrices universelles electroniques modernes 
effectuent plusieurs milliers d’operations arithmetiques 
(Ians line scconde et elles remplacent le travail de plu- 
sieurs dizaines de milliers d’hommes-calculateurs. 

11 est patent que la grande vitesse avec laquelle les 
opiTations arithmetiques s’effectuent, n’aurait aucun sens 
si I on ne pouvait pas completement automatiser le proces 
de calcul qui contient I’ordre etabli d’execution des opera- 
tions et qui conserve les resultats intermediaires pour 
leur utilisation .soivante etc. 

11 taut marquer a part les commandes du passage 
conditionnel qui permettent a la machine, selon les re- 
sultats de calcul. de passer autornatiquement de remplir 
Tune ou I'autre sequence des commandes, c’est-a-dire de 
choisir la voie des calculs suivants. On peut done questi- 
onner la machine; elle repondra selon les circonstances 
«oui», ou cnon*. 

On appelle les commandes du passage conditionnel 
«les points de la bifurcation de programme. Les pro- 
grammes affectes a effectuer les problemes logiques ont 
beaucoup de points de la bifurcation, tandis que les pro- 
grammes des operations de calcul ont peu de points 
pareils. 

Le nombre de points de la bifurcation determine la 
complexite de la structure de programme quand on le 
compose. 

La possibilite de modifier les commandes du program- 
me, au cours du travail, et de choisir la voie suivante de 
calculs selon les resultats obtenus, permet d’utiliser les 
calculatrices electroniques pour executer une vaste classe 
d’operations logiques. 


L’operation de la traduction automatique d’une langue 
en autre se refere a la mSmg categoric d’operations. 

Depuis le Janvier 1955, le groupe des collaborateurs 
scientifiques de I’lnstitut de Mecanique Exacte et de 
Techriique de Calcul et les collaborateurs scientifiques de 
1 Institut d’Information Scientifique de I’Academie des 
Sciences de I’URSS commen^a a developper les problemes 
de la traduction automatique de I’anglais en russe. 

Au bout de 1955 on a re;u les premieres traductions 
experirnentales effectuees par la calculatrice eleclronique 
d3CM. (la construction de I’academicien Lebedev). 

Ces resultats experimentaux ont montre qu’il est 
possible de creer le systeme de I’analyse de proposition 
qui permet de fixer le sens de tous les mots de cette pro- 
position en se basant sur les connaissances de la grammai- 
re et du lexique de la larrgue. Le systeme pareil ne depend 
pas pratiquement du vocabulaire et convient a la traduc- 
tion non seulement du texte specialement choisi mais il 
convient a tous les textes aux elements techniques et sci- 
entifiques du profit choisi. 

II est vrai que la langue est le moyen des relations 
entre les gens et qu’elle represente le systeme determine 
dont le sens des mots et de leurs modifications peut dtre 
exprime par les moyens lexicaux et grammaticaux. Ces 
moyens s’enoncent comme les regies definies du lexique 
et ue la grammaire, comme les lois de la construction de 
la phrase. En consequence, it est possible d’elaborer les 
reg es de la traduction qui prendront en consideration 
toutes les particularites de la langue et permettront d’etab- 
ir le sens des mots et les rapports entre les mots dans 
a proposition. En d’autres termes, il est possible d’etablir 
les regies de la traduction automatique qui permettront 
d effectuer, a condition de leur satisfaction, la traduction 
sans travailler prealablement et sans reviser ensuile des 
phrases et des textes differents. 

11 est necessaire d’avoir le dictionnaire pendant la 
raduction ordinaire et pendant la traduction a I’aide do 
la machine. 

La calculatrice electronique opere sur les nombres, 
c est pourquoi les mots dans le dictionnaire doivent 6tre 
representes sous une forme de nombres, c*est-a-dire ils 
doivent ^tre codes. En mettant, par exemple, les nombres 
du code connu Bodo (fig. I) en conformite avec chaque 
ettre de I alphabet latin et de I’alphabet ru.'-sc, nous aurons 
la possibility d’lnscrire chaque mot anglais cl sa traduction 
russe par le nombre definitif, qui est I'unique pour ce mot. 
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• - 16 
b — 06 
c— 22 
d — 30 
e — 08 


- M 

k — 19 

p-24 

— 10 

1 -27 

q — 23 

— 26 

m - 11 

r — 07 

- 12 

li — 16 

s-05 

— 18 

0-28 

t -21 


1. Le codage de I’alphabet latln. 


u -20 
V —29 
w— 13 
X -09 



Par exemple, les mots: 

There, short, into, numerical, methods 
inscrira sous I’aspect de nombres. 
2126080708, 0526280721, 12152128, 15201116071222162 
11082126283005. 


Chaque niot a son code et son numero d’ordre (de voca- 
bulaire) definitif. ' 

Le vocabulaire affecte a la traduction automatique se 
distingue du vocabulaire ordinaire, car il a une serie de 
renseignements supplementaires (des indices) qui se rap- 
portent a la grammaire du mot russe, sauf le mot russe 
qui correspond au mot anglai? donne. Pour le nom ce 
sont des renseignements suivants: genre, declinaison, 
theme mouille ou dur presence ou absence du chuintant 
dans le theme, quel objet signifie le mot: anime ou non 
etc. 

Pour le verbe ce sont: conjugaison, aspect etc. 

Pour I’adjectif — theme mouille ou dur, degres de com- 
paraison etc. 

On code les principes de grammaire selon les regies 
etabhes. Ces principes occupent 39 digits binaires, se 
representant une cellule de memoire. Les codes des mots 
anglais et les codes de leurs indices se representent la 
partie canglaise* du vocabulaire. 

La seconde partie du vocabulaire est «russe*, elle com- 
porte des mot» russes inscrits selon I’ordre de leurs nu- 
meros indiques dans la partie anglaise du vocabulaire. 

On avail prepare le vocabulaire compose de 952 mots 
angiais et de 1073 mots russes pour les experiments, rea- 
lises dans la machine B3CM. Si I’orthographe du mot du 
texte correspond exactement a I’orthographe du mot du 
vocabulaire c'-est-a-dire si les deux mots sont representes par 
les riiL^mes nombres, on peut le constater facilement a I’aide 
de Toperation de cornparaison. Le choix des mots dans 
le vocabulaire est base sur ce principe. 

Pour choisir les mots qui prendront quelques termll- 
riaisons (en anglais ce sont -s, -ing, -ed, -er, -est, -e -y 
etc), il faut supprimer s terminaisons et recornmencer 


les recherches du mot sans la terminaison dans le voca- 
bulaire. 

C est tres facile de trouver les mots monos^mantiques dans 
le vocabulaire. Mais c’est plus difficile de determiner le sens 
du mot dont on a besoin si le mot est polysemantique. 
Pour determiner le sens du mot polysemantique qui con- 
vient a la pl^rjase donnee il faut faire I’analyse des mots 
voisins, examiner leurs significations et leurs caractd- 
ristiques grammaticales. Les regies pour determiner la 
signification necessaire du mot polysemantique sont 
basees sur I’analyse du grand materiel et elles sont com- 
posees en schema qu’on appelle ^supplement*. 

Cette schema contient de mdme les expressions idio- 
matiques. On peut ordinairement mettre en relief «le mot 
typique* dans chaque expression de ce genre, le mot qui 
se rencontre dans toutes les variantes de cette expression 
idiomatique. 

On a donne a ce mot I’indice cpolysemantique* dans 
le vocabulaire. Le supplement comprend le contrOle des 
mots voisins pour constater que le mot ne fait pas partie 
de I’expression idiomatique. 

SI la rdponse est positive, toute I’espression idiomati- 
que se traduit de I’expression dquivalente. Par exemple, 
le mot anglais cable* on traduit ordinairement comme 
laqjectif ccnocodHuA*, mais en combinaison avec les 
forme? verbales «be» (is, are, were, been, being), c’est 
mieux de le traduire comme le verbe cmomb*. 

En consequence, avant de traduire le mot cable* en 
russe comme ccnoco6H«ft», il faut examiner le mot pre- 
cedent cbe, are*, etc. en cas de la reponse positive 11 faut 
traduire toute la locution comme cmovk*. 

Il faut noter que les plus simples et les plus generaux 
criteres du choix de la signification d’un mot ou d*une 
resultats du travail preliminaire du 
materiel analyse par les linguistes. La traduction depend 
beaucoup de cas typiques qui doivent etre tous prevus 
et pris en consideration dans le programme. 

Si un des mots de la phrase manque dans le vocabu- 
laire, la rnemoire conserve ce mot sans le modifier. Quand 
la phrase traduite sort de la machine, le mot dont on n’a 
pas trouve la traduction est Imprime en lettres latlnes. 

Le texte anglais s’introdiiit a la machine phrase par 
phrpe. D abord on enreg’stre ce texte sur le ruban de 
Mpier par I'interm^diaire du perforateur de lettre en con- 
lormite du code adopts Bodo. 
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La phrase s’introduit ensuite du ruban perfore a la 
memoire intcrieure de la machine. 

Par exemple, la phrase codec: €There are two various 
numerical methods* passe dans la memoire interieurc 
comme un nombre qui a soixante dix huit chiffres: 

2 1 2608070800 1 60708002 1 1 3280029 1 607 1 22820 
0500 152011 0807 1 222 1 62700 110821 26283005 

Puis on partage la phrase en mots et commence 
a chcrchcr ces mots dans le vocabulaire. 

La \itesse de la traduction depend beaucoup de recher- 
ches dcs mots dans le vocabulaire. 

En consequent, on doit prater grande altention aux 
questions d’acceleration du travail de cette partie de pro- 
gramme. 

Voila line de ces tmUhodes de recherches des mots; 
I.es codes dcs mots anglais sont disposes dans le voca- 
hulaire par I’ordre d’accroissement des nombres dont ils 
representent. 

En choisissant n’importe quel mot dans le vocabulaire 
et en cumparant son code avec le code du mot cherche 
nous pouvons repondre a la question: ou nous devon.s 
cherctier le mot necessaire dans le vocabulaire (plus haut 
on plus bas) (x* proces ressemble a la methode employee 
pour trouviT les racines des equations selon la methode 
(le «position fausse*. 

Pour trouver n’irnporte quel mot dans le vocabulaire 
compoitant tOOOO mots, suivant cette methode, on aura 
besom de 14 verifications pareilles (14 log .2 10 000), el 
pour trouver le mot dans le vocabulaire comportant 
30 (XX) mots cm n’aura besoin plus que 15. 

Quand le mot est trouve dans le vocabulaire, on choi- 
sit du vocabulaire toutes les informations a propos de ce 
mot: le numero de ce mot dans la partie anglaise du 
vocabulaire, le numero du mot russe correspondant au 
mot anglais, les informations grammaticales se rappor- 
t.Tnl a ce mot russe. Cette information est une equivalent 
mirnerique du mot. 

Toutes les operations suivantes se realisent 
.ivec ces equivalents numcriques. On laisse deux cel- 
lules de memoire pour coserver un equivalent numerique, 
Ic-i nombres qui designent les parties du discours et leurs 
caractcristiques grammaticales on met dans la meme place 
do cellule. 

C.ela permet de distinguer et de choisir automatique- 
rnent les indices necessaires. 
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Les equivalents ne sont pas seulement des garages 
d’informations des mots. Le remplacement des mots par 
leurs equivalents assure Tuniversalite des schemes gram- 
maticaux et des programmes qui les realisent. Finalement, 
les schemes et les programmes deviennent independants 
de la phrase concrete et du vocabulaire. 

On partage le programme de la traduction automatiqiie 
en deux parties: Tanalyse et la synthese. (Fig. 2). 

Le but de la premiere partie est de determiner la forme 
grammaticale des mots russes necessaires, leur place dans la 
proposition traduite, selon I’orthographe des mots anglais, 
leur place dans la proposition et leurs indices gramma- 
ticaux pris du vocabulaire. Les informations obtenues 
s’expriment par les indices et elles permettent de passer 
a la jcconde partie du programme, e’est-a-dire, a la syn- 
these de la proposition russe. Les mots russes qui so 
trouvent dans le vocabulaire, par I’intermediaire de ce 
programme, prennent la forme grammaticale correspon 
dante aux indices obtenus par Tanalyse. 

La grammaire est representee dans la phrase russe et 
dans la partie anglaise du vocabulaire comme les schemes 
speciaux sur les principales parties du discours: Tadjectif, 
Tadjectif numeral etc. L’analyse dichotomique est a la 
base du travail de chaque scheme, e’est-a-dire e’est un 
systeme du «contr6le» de la presence ou de Tabsence 
de n’importe quel indice grammaticaf morphologique ou 
syntaxique du mot analyse. II est possible deux reponses 
sous le contrdle: la reponse positive et la reponse nega- 
tive. Cnacune d’eux permet de donner la conclusion 
definitive et de recevoir les indices necessaires au mol 
en question ou de continuer le contrfile pour monlrer 
la presence de Tindice caracteristique suivant jusqu’a 
ce que la reponse definitive et Tindication des indices 
grammaticaux qu’on doit obtenir par le mot donne ne 
soient pas revues. Les parties particulieres du programme 
sont disposees par ordre qui assure Tobtention des in- 
dices necessaires a effectuer les actions qui suivent. 
Comme le but final du scheme de Tanalyse est d’obtenir 
des indices correspondants aux mots russes, les schemes 
dichotomiques repondent a la question duquel mot on doit 
prendre ces indices. Par exemple, le nom peut prendre 
son cas de la preposition ou de Tadjectif numeral qui le 
precede. 

Les schemes de la synthese russe ne dependent pas 
de la langue dont on traduit. Les indices donnes dans 
le vocabulaire et recus par les programmes de schemes 
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entric du text« anglais 



russe en anglais. 


de 1 analyse assurent compistement I’obtention de la forme 
n^cessaire du mot russe. De ce c6t6 les schemes de la svn- 
th^ russe dependent de la partie russe du vocabulaire.la 
structure de la construction des schemes russes depend du r61e 
du vocabulaire. On avait admis a conserver les mots dans 
son essentiel, c’est-a-dire, on doit conserver les adjectifs 
au masculin, au singulier, au nominatif; les verbes — 
a I’infinitif etc. Les schemes russes realisent, pour la 
plupart, dans ce cas, le changement de terminaisons des 
mots pris du vocabulaire et ils tiennent compte de I’al- 
ternance de voyelles et de consonnes quand on on a be- 
som. 

Les schemes russes de la synthese operent sur le mot 
et ses indices et on n’a pas besoin de prater attention 
aux mots voisins. C’est la distinction principale des 
schemes russes de la synthase et les schemes de I’analyse 
(des schemes anglais dans ce cas). 

Examinons les etapes successives de la traduction 
par la machine. Prenons, par exemple, la phrase anglaise 

«The cause of this phenomenon will be considered in 
the following articles*. 

Cette phrase codw s’introduit dans la memoire in- 
terieure comme un nombre qui a cent quarante six chiff- 

res 

2126080022162005080028140021261205002426 
081528110815281500131227270006080022281505 
12300807083000121500212608001428272728 
1312151000160721 1222270805 

Puis on la repart en mots et cherche chaque mot dans 
le vocabulaire. 

On ne trouve que cinq mots* dans cette phrase dont 
chacun a une seule signification et les indices russes cor- 
respondants: 

phenomenon — traduction: najicHHe; le nom, neutre, 

1 dwiinaison, th^me mouille, 
anglais. 

consider — traduction; paccMarpMsaTb; le verbe, I conju- 
gaison, aspect imperfectif, il exige 
I’accousatif, angl. 

article — traduction; craTba; le nom, du feminin. 
will — on ne le traduit pas, le verbe. 
be — traduction: 6brrb; le verbe, I conjugaison, aspect 
perfectif, anglais. 

II est a noter que la machine a trouve les mots «con- 
sider* et carticle* apres avoir supprime la terminaison «s» 
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(111 mot «ar(iclcs» ct la terminaison «ed» du mot «cop 
sidercd*. On I’a marque dans les (Equivalents de ces mots. 

On marque que les autres mots ont beaucop de sig- 
nifications dans le vocabuiaire et on doit faire I’analyse 
de cette phrase pour choisir les significations necessaires 
a ces mots. 

Lc mot anglais «in» qu'on traduit souvent comme «b> 
(preposition), on peut traduire dans certaines locutions 
autroment. Par exempio, dans la locution «interest in . . . 
imrepec k . . .>, on le traduit comme «k* (priEposition) . 
On peut lc tr iduire comme «c», «npn*, etc. On voit d’apres 
le contrAle des mots voisins de cette phrase qu’il faut 
traduire «in> comme «b» (pri'-position) . 

Un autre exemple: lc mot «foil()\v». On le traduit dans la 
locution «follow» soit «TaKoi(» soit «cjTe.ayK)m.HM 
ofipaioM* scion certaines conditions qu'on doit accomp- 
lir. Dans les autres cas, on lc traduit comme «c;ieAOBaTb». 

1. 'information, prise du vocabuiaire, obtenue au moyen 
de I'analyse dcs mots polysiEmantiqucs s’inscrit comme 
la sequence d’t'quivalents des mots de la phrase cn ques- 
tion. Les numeros russes d’(Equivalents correspondent 
a la traduction suivante mot a mot: 

npMMHlia iTOT BBJICHHe 6blTb 

paccMarpnnaTb ii (yieiiOBarb CTaTbfl 

II est iMdcnt qu’on nc peut pas traduire certains mots 
anglais en russe (the, of, will) et on donne unc remar- 
que necessaire a leurs equivalents («vide» dans les classes 
du numi'ro russe). 

En travaillant les (equivalents de mots de cette phrase, 
les programmes de I'arvalyse grammaticales completent 
les (Equivalents initiaux par une seric des indices neces- 
saires au travail des programmes de la synthese russe. 
Par exemple. les programmes obtiennent pour le mot 
«articlc» les indices suppl(Emetaires suivants: pluriel 
(parce qu’on a supprime la terminaison «s»). puis priE- 
positionnel (parce qu'on met dcvant le mot la preposi- 
tion «B») Ces indices et les indices pris du vocabuiaire 
sont suffisants pour obtenir la terminaison correcte du 
mot «CTaTbfl» par l iniermediaire du programme russe. 

Le programme du verbe anglais obtient les indices 
supplementaires suivants pour le mol «follow»: le par- 
ticipe present (parce qu’on a omis la terminaison «ing») 
et les indices (lu pluriel et du prepositionnel qu’on prend 
du nom suivant. 


A la fin du travail des programmes canglais* de 
analy^ aux equivalents et des programmes arusso de 
la synthese aux mots de sous-texte choisis dans la partic 
russe du vocabuiaire, on recoit la traduction d(?finitive- 

npuqHHa 3Toro aanenHa 6yaeT paccMorpcHa a cjiejiVK> 
U4HX cxatbHx. 

II faut mettre en relief que des I’entree de la phrase 
anglaise dans la machine, la traduction se fait automa 
tiquement sans aucun intervention de I’homme. Les 
philologues et les mathematiciens ont beaucoup travaille 
prealablement pour faire traduire la machine de cette 
fagon. 

Les experiments de la traduction automatique realisee 
a rU.R.S.S. et a I’etfanger laissent esperer que le temps 
est proche oii Ton realise I’automatisation de la traduction 
du texte aux elements scientifiques et techniques sur ia 
plus vaste 4cheile. 

Pour conclure, citons queiques exemples des phrases 
anglaises et leurs traductions russes, obtenues par la 
machine B.9.C.M. 

Ecjih npaKTHqecKaH aa 
flaqa B Hayne hjih tcxhukc 
aonycKaer MaTeMaTM<ie- 
CKyio (|)opMy,nHpoBKy, maa- 
Chl AOBO/IbHO B&DHKH 'ITO 

yro npHBoaHT k ojiHowy 
IMH 6o.aee AH(|>(])epeHiiH- 
ajibHbiM ypaBHeHHMM. 3 to 
B epHO beayc-nioBHO oJin o6- 
uJHpHofi KareropHH aa^aM 
CBaaaimti.x c chjioh h .hbh 
JKCHHeM, rax mto xothii 
3HaTb ey^ymnA nyn. 
lOnirrepa b uet^ax hjih 
nyxb sjieKTpoHa b ajiex 
rpOHHOM MHKpOCKOne MU 
npH6eraeM k 4H(|>(}>epeH- 
UHajibHUM ypaBHeHHBM. To 
ace BepHO juih HayMCHHa 
HsaeHHA B HenpepuBHoi 
epeae, paenpoerpaHeHMa 
bojih, noTOKa reana, aHiJh 
4>y3HH, CTaTHCTH4eCKOrO 
mh aHHaMM<iecKoro smex 
TpHXeCTBa. H T. A., 38 HC 


When a practical prob- 
lem in science or te^no 
logy permits mathematical 
formulation, the chances 
are rather good that it 
leads to one or more dif- 
ferential equations. This 
is true certainly of the 
vast category of problems 
associated with force and 
motion, so that whether 
we want to know the fu- 
> ture path of Jupiter in 

I the heavens or the path of 

I an electron in an electron 

] in an eectron microscope 

j we resort to differential 

t equations. The same is 

I true for the study of phe- 

nomena in continuous me 
dia, propagation of waves, 
flow of heat, diffusion. 
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static or dynamic electri- 
city. etc. except that we 
here deal with partial dif- 
ferential equetions. 

Equations involving mo- 
re than one independent 
variable and the partial 
derivatives of the depen- 
dent variables with respect 
to the independent variab- 
les are called partial di- 
fferential equations. 

It is often impossible, 
however, to perform the 
actual elimination, and 
hence this tranformations 
is of theoretical rather 
than pradtical interest. 

To illustrate the use of 
equation 54.4 we apply it 
to the approximate solu- 
tion of the differential equ- 
ation. 

There are various nu- 
merical methods for this 
purpoM. 

It is necessary to find 
values between which the 
function f(x) is zero. 

Suppose that both equa- 
tions actually contain all 
the possible partial deri- 
vatives of second order. 

In problems of this type 
numerical methods beco- 
me a necessaity due to 
absence of other methods 
for getting the requisite 
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KJiiOMeHHeM Toro qro mu 
3Aecb 6yAeM paccMarpa- 
aa-Tb AH(t)(}>epeHiiHajibHue 
ypaBHeHHH a qacTHux npo- 

H3BOflHUX. 

VpaBHeHHH, coAepacam^ie 
6oaee mcm OAHy HesasH- 
CHMyio nepeweHHyio h qa- 
CTHue npoHSBOAHue aasH- 
CHMux nepeMCHHux otho- 
CHTCAbHO HeaaBHCHMux ne- 

peMCHHux HaauBaioTCH ah(})- 
4>epeHUHaAbHUMH ypaBHe- 
HHHMH B qaCTHUX npOH3- 
BOAHUX. 

Macro HeB03M0}KH0, TCM 
He Menee, BunoAHHXb abA- 
CTBHTeAbHUe HCIOIIOqeHHH, 
H CAeAOBareAbHo sro npe- 
o6pa30BaHHe HMcer reope- 
thhcckhA CKOpee qeM npaK- 
thhcckhA HHxepec. 

XUiH Toro <ito 6 u haaio- 
crpHpoBarb npaMeKeHHe 
ypaBHeHHH 54.4 mu 6yAeM 
npHMeHHTb ero aah npH- 
fiAHAceHHoro peineuHH ah(|)- 
(]>epeHUHaAbHoro ypaBHe- 
HHH. 

Hmciotch pasHue hhc- 

ACHHUe MCTOAU AAH STOA 
ueAH. 

HeobxoAHMo HailTH 3Ha- 
qeHHH, MeJKAy KoropuMH 
4)yaKUHH f(x) ecTb nyAb. 

iloitycTHM, HTOo6a ypaB- 
HeHHH AeACTBHTeAbHO co- 
AepAcar Bce BOSMOXHue 
HacTHue npoH3BOAHue btx>- 
poro nopHAKa. 

B saAaqax sroro THna 
wcAeHHue MeroAr: craao- 

BRTCH HeobxOAHMOCTbK) 
ObyCAOBAeHHOft OTCyrCTBH- 
eM Apyrax mctoaob aah 
nojiyqeHHH neoCxoAHMoro 


information out of the dif- 
ferential equations. 

This was based on an ex- 
ensive experiment done 
y myself and Dr. R. H. Ri- 
chens, of Cambridge Uni- 
versity, in which we wor- 
ked out a method of trans- 
lating small sections of 
selected text in foreign 
languages. We gave an 
account of this at a con- 
ference in Massachusetts 
in 1952, after which the 
International Business Ma- 
chines Company, in con- 
junction with Georgetown 
University, applied our 
methods to give a popu- 
lar demonstration which 
was limited to translating 
a few sentences form Rus- 
sian . into English. ITiere 
is ■ no possibility at pre- 
sent of translating a t^k 
as a work of art. 


CBeAeHHH H3 AH<}>(|>epeHUH- 
aAbHux ypaBHCHHA. 

3to 6uao ocHOBaHO Ha 
AoporoM SKcnepHMeHTe npo- 
BeACHHOM MHOA H AOKTO- 
poM R. H. Richens, or Ksm- 
6pHAWCKoro VHHBepcKTe- 
ra, B KOTOpoM MU paa- 
paCoraAH MeroA nepcBOAa 
MBAUX OrpUBKOB BU6paH- 
Horo reKcra na HHOcrpau- 
Hue H3UKH. Mu AarH or 
Her o 9T0H Ha KOH(|)epeH- 
UHH B Massachusetts b 
1 952, nocAe Koroporc 
I.B.M. KOMnaHHH b co- 
TpyAHHHeCTBe C ilXOpAX- 
rayHCKHM yHMBepcHTeroM 
npHMeHHAH HaUIH MCTOAU 
HToCu Aarb HarAHAHym 
AeMOHcrpaoHio, Koropan 6u- 
Aa orpaHnraeHa nepeaoAOM 
HeCKOAbKHX npCAAOXCHHA 
c pyccKoro na anrAHA- 
cxhA. He HMeercH bosmox- 
HOCTH B HacTOHmee speMH 
nepeBOAa KHMni ksk npo- 
HSBeAeHHH HCKyCCTBa. 
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